The recently upgraded phase-contrast imaging (PCI) diagnostic is used to characterize the tran- 
I. INTRODUCTION
Turbulent transport associated with the transition from the low (L) to the high (H) confinement mode [1] in fusion plasmas remains enigmatic. In order to make progress towards an understanding of how the edge transport barrier in H-modes is created, we are proceeding along several avenues: (i) A continued development of the capabilities of fluctuation diagnostics, (ii) Linear and nonlinear simulations treating a parameter range found in present day magnetic confinement fusion devices, (iii) A combination of these simulations with viewing geometry and response functions of actual diagnostics, the so-called 'synthetic diagnostics' [2] and (iv) Comparisons between different confinement concepts, i.e. tokamaks and stellarators. A sub-element of these thrusts is e.g. cross correlations between diagnostics in (i).
An alternative, less computationally demanding, approach to (iii) has been proposed where turbulent 'events' are simulated using prescribed temporal and spatial behavior [3] . Events are created in the actual magnetic field geometry of experiments and combined with integration along diagnostic sightlines, the measurements can be modelled. The latter method has initially been used to study effects of sheared and non-sheared flows on turbulence and will be applied to investigate circular (eddy) and radially elongated (streamer) structures.
In the present paper we treat (i) by studying fluctuations in the electron density of Alcator C-Mod [4] plasmas using reflectometry [5] [6] [7] and phase-contrast imaging (PCI) [8] [9] [10] [11] . These measurements are studied in conjunction with electron temperature and fluctuations in D α -light and the poloidal magnetic field B θ . We also briefly compare the results to small-angle scattering measurements of density fluctuations [12] made in the Wendelstein 7-AS (W7-AS) stellarator [13] .
The paper is organized as follows: In Sec. II we describe the two discharges analyzed,
give an overview of the fluctuation diagnostics used and the spectral analysis tools employed.
We analyze a shot displaying an L-H transition in Sec. III, emphasizing PCI measurements but connecting those measurements to other fluctuating fields and the electron temperature.
The enhanced neutron (EN) mode [14] , arising from an H-L backtransition, is studied in Sec. IV, primarily by reflectometry measurements. A discussion of our observations, future analysis and diagnostic upgrades follows in Sec. V, and finally our conclusions are presented in Sec. VI. enhanced D α (EDA) H-mode [16] , characterized by the quasi-coherent (QC) mode observed by several fluctuation diagnostics and localized in the center of the edge density gradient [5-8, 10, 17, 18] . Transport in the EDA H-mode is increased somewhat compared to the edge localized mode (ELM) free H-mode. It has been shown that the QC-mode can account for the increased edge particle transport observed in EDA H-mode [17] . As a consequence of this enhanced transport the density stays constant and no impurity accumulation is observed, so the EDA H-mode can be sustained for the entire discharge length. This is a desirable trait for a fusion reactor operating regime, simultaneously avoiding ELMs.
An overview of the second discharge we use to study an EDA H-to L-mode transition is shown in Fig. 2 . Here, B φ = 6.4 T as for the first shot, but I p = 1.2 MA. Again, 2.7 MW of ICRF heating leads to the formation of an EDA H-mode, but this time a series of EDA H-to L-mode backtransitions occur. The central n e reaches 4.3 × 10 20 m −3 , the central T e is 1.8 keV.
B. Turbulence diagnostics
The PCI diagnostic measures electron density fluctuations line integrated along vertical chords, see Fig. 3 . The main feature of this technique is that laser light scattered off density fluctuations acquires a phase shift proportional to those fluctuations. By shifting the phase between the unscattered and scattered light (using a phase plate), this phase variation is converted to an amplitude variation on the detector array. We use a 25 W continuous wave CO 2 laser, having a wavelength of 10.6 µm. For a more extensive description of the method, see Ref. [8] and references therein. Recently, the number of channels has been expanded from 12 to 32, so that our coverage of the major radius R has increased from 5 to 13 cm.
A soundburst is measured before each shot, see Fig. 4 . This is used to obtain the distance between chords and can also be utilized to find the line integrated density fluctuations in units of m −2 . The data acquisition system has been upgraded from a 12 bit system sampling at 1 MHz to a 16 bit compact peripheral component interconnect (cPCI) scheme, usually sampling all 32 channels at 10 MHz. A detailed description of the upgrade will be presented elsewhere. O-mode channels covering a frequency range from 50 to 110 GHz. The AM system has been used for both profile and fluctuation measurements, for further details see Refs. [5] [6] [7] . An advantage of reflectometry, with respect to PCI, is localization close to the cutoff densities, but quantitative interpretation of reflectometry measurements requires full-wave codes [7, [20] [21] [22] . The very high densities typical for C-Mod mean that the low frequency reflectometer is limited to the edge gradient region. However, as we shall see, the high frequency channels can in some cases be used to study internal transport barriers (ITBs).
We correlate PCI and reflectometry measurements with fluctuations in D α -light and B θ .
All sightlines are shown in Fig. 3 .
C. Spectral analysis tools
Autopower
The raw voltage signal from a PCI channel is denoted S(R j , t), j being the channel number (1 to 32). The autopower spectrum is defined as
where T = t 2 − t 1 is the time interval and ω = 2πν. The autopower in a certain frequency
is called the band autopower (or bandpower), as indicated by the lowercase superscript, b, in Eq. (2) . The definitions in Eqs. (1) and (2) are also valid for reflectometry measurements, using S to represent the complex reflectometry signal.
Let us at this point describe the physical meaning of S, which is different for PCI and reflectometry. For the PCI measurements
where δn is the electron density fluctuations and z is the vertical coordinate parallel to the chords, see Fig. 3 [8] . Power spectra basically square this signal (see Eq. (1)), so they are proportional to δn 2 . As a consequence, these spectra might display an increase even if the relative fluctuation level δn/n decreases. This could occur e.g. at an L-to EDA H-mode transition, because the density increases due to the steepening of the edge density gradient.
For reflectometry the qualitative expression is
where δn c is the electron density fluctuations at the cutoff layer and R c is the major radius of the cutoff layer [7] . Since the cutoff density n c is determined by the fixed frequency of the launched wave, the reflectometry signal is a direct measure of the relative fluctuation level δn c /n c . Therefore power spectra are proportional to (δn c /n c ) 2 . The difference between the physical interpretation of PCI and reflectometry measurements will be discussed further in Sec. V A.
Since PCI has 32 chords, one can resolve the autopower as a function of wavenumber k R .
To do this, we calculate the two-dimensional Fourier transform
The minimum wavenumber k min is determined by the distance between the outermost chords according to
∆R being the distance between adjacent chords (here, ∆R = 3.8 mm). The maximum wavenumber k max is defined as
so the range of wavenumbers covered by PCI is [-8.3, 8.3 ] cm −1 . The resolution in wavenumber space is equal to k min . To illustrate Eq. (5), we show the two-dimensional Fourier transform of the raw data from the 15 kHz soundburst in Fig. 5 . This analysis establishes that a positive (negative) k R corresponds to fluctuations travelling towards the high (low) field side. Because channel 7 has a noisy signal (see Fig. 4 ) we set it as being equal to the average of channels 6 and 8 when calculating the two-dimensional Fourier transform.
Correlations
The cross covariance between two time series x and y is given as
where τ is time lag and N is the size of the two series [23] . Similarly, the cross correlation is conventionally defined in terms of cross covariances as
So, if C xy (τ ) has a maximum at a positive time lag τ , the correlated feature is observed in series x first, and then in series y a time τ later.
III. L-TO EDA H-MODE TRANSITION
A. Line integrated density fluctuations at the q = 1 surface appear and (iii) The QC-mode is observed, at first rather weak but stronger 70 ms into the EDA H-mode. The mode frequency decreases until it settles at 125 kHz; this change is most likely due to the development of the bulk plasma rotation.
In general, the frequency detected by PCI is a combination of a mode frequency of the instability observed (e.g. ion temperature gradient driven or trapped electron modes) plus a contribution due to the E × B Doppler shift of the signal:
where
and E r is the radial electric field [24] . E r from the lowest-order force balance equation is
given by
where I is the measured impurity species, v φ I is the toroidal velocity and v θ I is the poloidal velocity [25] .
There are two phases in this EDA H-mode, the first 100 ms with TAE activity and The 'L-mode scaling factor', i.e. the factor that one uses as a multiplier to overlay L-and EDA H-mode autopower spectra, is shown vs time in Fig. 8 . Here, the L-mode scaling factor was calculated by fitting the baseline L-mode autopower spectrum (at 0.57 s) to autopower spectra at all other times; we used the [0.2, 2] MHz frequency range and a 5 kHz frequency resolution. After the L-to EDA H-mode transition, the L-mode scaling factor increases from one to two in about 100 ms.
Let us now investigate PCI measurements where we have resolved wavenumbers by analyzing the two-dimensional Fourier transform. In Fig. 9 we display wavenumber-frequency spectra of L-mode (left-hand plot) and EDA H-mode (right-hand plot). As established above, a positive (negative) k R corresponds to fluctuations travelling towards the high (low)
field side. The L-mode fluctuations exist below 500 kHz and increase in amplitude away from k R = 0 cm −1 . The only systematic behaviour to be seen is that larger amplitude turbulence extends to higher frequencies for greater wavenumbers. Turning to the EDA Hmode wavenumber-frequency spectra, we first of all see the QC-mode as two large amplitude 'islands' in the plot, one for each sign of k R . It is known from measurements made using
Langmuir probes that the QC-mode rotates in the electron diamagnetic drift (DD) direction, see Fig. 3 (counter clockwise) [17] . This fact, combined with PCI conventions, means that the negative (positive) wavenumber peak is the QC-mode at the bottom (top) of the plasma: k R = -4.0 (5.1) cm −1 . Broadband turbulence is significant up to 1.5 MHz, especially at wavenumbers greater than or equal to where the QC-mode peaks. The slight top-bottom asymmetry of turbulence seen in Fig. 9 occurs both due to intrinsic properties of turbulence (see e.g. Ref. [29] ) and due to flux surface geometry differences between the top and bottom of the plasma, see the analysis at the end of this section. Larger inboard-outboard asymmetries also exist due to the ballooning nature of turbulence.
Wavenumber-frequency spectra are also roughly self-similar when we confine ourselves to a single wavenumber, see Integrating the wavenumber-frequency spectra shown in Fig. 9 over frequency, we arrive at wavenumber spectra, see Fig. 11 . The L-mode wavenumber spectrum peaks at k R ∼ ± 3 cm −1 , the EDA H-mode wavenumber spectrum peaks at k R ∼ ± 4 cm −1 . The maxima of the wavenumber spectra are at λ L−mode ∼ 2.1 cm and λ EDA H−mode ∼ 1.6 cm. The value of ρ s (ion Larmor radius ρ i evaluated at the electron temperature) is 1.3 mm in the plasma core for both L-and EDA H-mode and decreases towards the edge.
The final topic in this section is tracking of the QC-mode wavenumber and frequency.
The QC-mode is tracked by calculating a series of wavenumber-frequency spectra as the ones shown in Fig cm −1 , corresponding to phase velocities v R = ω/k R = -2.0 (1.5) km/s. We show the core toroidal velocity v φ measured by a tangentially viewing X-ray crystal spectrometer system [30, 31] in the third plot from the top. This diagnostic provides absolute v φ measurements of injected Argon impurities with a spatial resolution of 2 cm. The velocity is close to zero in L-mode, but the plasma begins to rotate in the positive (co-current) direction after entering the EDA H-mode. The velocity reaches steady-state, which in this case is 70 km/s, after about 150 ms. Toroidal rotation is measured at three radii, corresponding to ρ = r/a of 0.0, 0.3 and 0.6. Information from a fourth position is also available at the sawtooth inversion radius (ρ ∼ 0.2) using measurements of rotating magnetic perturbations [32] . Generally it is found that toroidal rotation moves from the outside in, suggesting an edge source of toroidal momentum propagating towards the plasma core on a time scale longer than the EDA H-mode energy confinement time τ E = 85 ms [31] . Eventually, the toroidal rotation settles with a flat profile in EDA H-mode.
The measured QC-mode wavenumbers along the major radius can be converted to poloidal wavenumbers:
where α = arctan(B R /B z ) is the angle between vertical and a flux surface [8, 10] . If we use the intersection between the last closed flux surface (LCFS) and R = 0.7 m, we find that α bot = 52
• and α top = −61
• , see Fig. 13 . The flux surface angle is evaluated at the LCFS because the QC-mode has been pinpointed to exist there by spatially localized fluctuation measurements, e.g. reflectometry [5] , probes [17] and gas-puff imaging [33] .
Using these angles and Eq. (13) we find that k θ,bot = -3.2 cm −1 and k θ,top = 4.5 cm −1 . The discrepancy of 1.3 cm −1 between top and bottom is currently not understood and a topic of active investigation. If the QC-mode fluctuations are aligned along field lines (k·B = 0) the asymmetry should be reversed, i.e. the largest k θ located at the bottom of the plasma [17] .
Using the found poloidal wavenumbers we can estimate E r at the QC-mode position using
Eq. (11) and assuming that the observed frequency is exclusively due to the Doppler shift:
E r,bot = -16 kV/m and E r,top = -11 kV/m.
B. Cross diagnostic correlations
In the previous section we focused on the new PCI measurements of density fluctuations during L-and EDA H-mode. We now correlate those measurements with fluctuations in D α -light and B θ , the lines-of-sight are shown in Fig. 3 . At the end of the present section, we investigate the correlation between density fluctuations and the electron temperature measured by electron cyclotron emission (ECE) [34] .
For the figures shown in this section, we use the PCI measurements from core channel 17 as the x series in Eq. (9), so correlations at positive (negative) time lags τ mean that density fluctuations integrated along this chord occur first (last). by calculating e.g. auto correlation functions using the PCI data exclusively. However, due to triggering issues (now resolved) with the data presented here, our inter-diagnostic accuracy was limited to about ± 100 µs. Correlations could be investigated separately in L-and EDA H-mode as has been done for L-and ELM-free H-modes in W7-AS [26] [27] [28] .
In the right-hand plot of Fig. 14 , two features separated in frequency are also observed.
The overall correlation amplitudes are somewhat reduced with respect to the D α -light ones.
Maximum correlation for the low frequency feature between magnetic and density fluctuations is at zero τ , although somewhat asymmetric in time lag: A high correlation remains for negative τ , where PCI measurements are delayed, so the decay of density fluctuations is slower than that of magnetic turbulence. For the high frequency feature, the sign where the correlation has a maximum has reversed compared to the D α -light analysis: Now, the correlation peaks for τ = -10 ms, i.e. magnetic fluctuations are measured 10 ms before the density fluctuations. Further, the maximum correlation occurs at higher PCI frequencies, between 1.1 and 1.5 MHz. The observation of two features separated in frequency might be linked to the two slopes at fixed wavenumber in EDA H-mode, see Fig. 10 . In W7-AS lower (higher) frequencies originated outside (inside) the LCFS and were rotating in the ion (electron) DD direction [35] .
Correlations between the PCI bandpower integrated from 20 kHz to 2 MHz and 11 ECE channels covering the outer half of the plasma are shown in Fig. 15 . The ECE measurements are from the grating polychromator 2 (GPC2) system [36] . The structure is rather uniform all the way from the core to the edge ECE channels, the maximum correlation is centered at τ = -10 ms, so the temperature starts to rise before the density fluctuations react at the Lto EDA H-mode transition [37] . The temperature reacts to the ICRF heating immediately as it is ramped up (from 0.6 s), but the density fluctuations do not respond to the external heating until it results in the L-to EDA H-mode transition.
IV. EDA H-TO L-MODE BACKTRANSITION A. Localized density fluctuations
We now shift our attention to the backtransition from EDA H-mode to L-mode, the so-called enhanced neutron (EN) mode [14] , see the waveforms in 17. For those, the temporal resolution is 0.5 ms and the spatial resolution is 1 mm. A complicating factor in the bremsstrahlung profiles is that they contain information not only on the density, but also the square root of the effective plasma charge, Z eff . However, the bremsstrahlung profiles provide the reader with a better sense of the density depletion in the outer portion of the plasma (where Z eff 1) following the backtransition.
One of the new reflectometer channels has a frequency of 132 GHz, corresponding to a cutoff density of 2.2 × 10 20 m −3 . This value is shown as a horizontal dashed line in Fig. 16 .
As seen from the Thomson scattering density profiles, the reflecting layer moves from the steep edge density gradient in EDA H-mode to being above the pedestal and localized at R ∼ 0.85 m in L-mode. So, the fluctuations observed are localized further inside the LCFS as time passes.
In Fig. 18 we show the spectrogram of the 132 GHz reflectometer channel for the discharge with backtransitions. Two prominent features are visible: (i) The QC-mode is seen during EDA H-mode, including second and third harmonics and (ii) Strong broadband turbulence is observed in L-mode. The harmonics observed are not 'real' and are due to the following effect: The phase delay detected by the PCI diagnostic is much smaller than π, but comparable to π for reflectometry. This is because the probing wavelength of the reflectometry system (2.3 mm at 132 GHz) is much longer than the CO 2 laser wavelength employed by PCI (10.6 µm) and the phase change is proportional to wavelength. So the amplitude of the microwave is refracted by and scattered from the QC-mode. Since both the amplitude and phase of the microwaves are affected by the QC-mode, calculating the Fourier transform leads to the appearance of harmonics in the autopower spectra as seen in Fig. 18 .
PCI spectrograms from the same shot (not shown) show no signs of harmonics. Broadband turbulence during the EN-mode does not appear to develop over time, the spectral shape is unchanged. It is interesting to note that the QC-mode weakens and finally disappears in the EDA H-modes before the backtransitions, as has been reported previously [39] . This is a real phenomenon, it does not happen because the plasma density changes so the cutoff layer moves away from the QC-mode position. That has been verified by PCI measurements for the discharge in question, where the QC-mode vanishes earlier than the backtransitions as well.
B. Cross diagnostic correlations
We wish to employ correlation techniques to the EN-mode in this section, as we did for the study of the L-to EDA H-mode transition in Sec. III B.
In Fig. 19 , we use the 132 GHz reflectometry measurements as the x series in Eq. The reflectometry data has been high pass filtered at 20 kHz. The prominent anti-correlation seen in the central PCI channels is due to two separate events at the backtransition: The reflectometry amplitude decreases immediately before the backtransition (mainly because the QC-mode weakens), then increases following the transition to L-mode. Conversely, the PCI signals increase at the backtransition and decay after a brief peak in the bandpower.
The changes in reflectometry occur about 1 ms before PCI reacts. The anti-correlation has a minimum for τ = -1 ms and the PCI structure is probably localized in the plasma core, since the anti-correlated structure is limited to the central portion of the PCI coverage. The width of the structure is comparable to the size of the q = 1 surface.
A. Fluctuations in L-and EDA H-mode
We would like to discuss some of the physics implications that our measurements reported in this paper have.
First of all, the interpretation of power spectra constructed from PCI and reflectometry is different; PCI spectra are proportional to δn 2 and reflectometry spectra are proportional to An important outcome of the high frequency PCI measurements has to do with comparisons to turbulence codes. For example, the boundary plasma turbulence (BOUT) code [8, 10, 40] has been used to simulate EDA H-modes in C-Mod. A resistive X-point mode with characteristics close to those of the QC-mode was identified using BOUT. However, the mode found in the simulations also predicted accompanying modes at frequencies in the vicinity of 1 MHz [41] . Before the PCI upgrade this prediction could not be verified, since the Nyquist frequency of the old system was 500 kHz. However, our new measurements
show that no coherent modes of order 1 MHz are present in EDA H-mode, see Fig. 7 . This prompted a revision of the BOUT code, where several problems were identified and corrected [42] . In the new version of the code, the high frequency features no longer appear, but the QC-mode is still successfully modeled. This example shows how fruitful direct comparisons between turbulence simulations and measurements can be; we will continue along this path in future work. Linear gyrokinetic simulations addressing broadband turbulence in L-and EDA H-mode have been initiated, showing that ion temperature gradient driven modes exist in the outer half of the plasma both in L-and EDA H-mode [43] . This work will be extended to include nonlinear gyrokinetic simulations of a wide variety of C-Mod plasmas.
We have interpreted our measured turbulence autopower spectra as having a significant shift due to Doppler rotation. If one assumes that the frequencies observed by PCI are dominated by the Doppler shift, E r measurements could localize the region from which the turbulence originates, see e.g. Ref. [44] . Until now, detailed E r profiles have not been measured in C-Mod, but a new charge exchange recombination spectroscopy system has become operational [45] . This diagnostic will enable measurements of E r profiles and shed light on the location of the PCI measurements.
B. Future analysis and experiments
This article is meant to present new diagnostic capabilities of PCI and reflectometry in C-Mod leading to an improved understanding of the behavior of turbulence at the transition from L-to EDA H-mode and back. The analysis tools used in this paper can be expanded upon significantly, both by employing other techniques and by examining other measurements.
In terms of additional tasks specific to PCI, we can use the soundburst to calculate 
where b, c and p are fit parameters [29, 46] , and entering this expression into the equation for the line integrated PCI measurements, we can obtain the fluctuation profile. Localized small-angle scattering measurements have previously been used in conjunction with Eq. (14) to calculate turbulence profiles in both the Tore Supra tokamak [29, 46, 47] and the W7-AS stellarator [26, 35, 48] . To model EDA H-mode turbulence profiles we would add another term describing the position, width and amplitude of the QC-mode to the right-hand side of Eq. (14).
As far as reflectometry is concerned, we will pursue observations related to ITBs using the new high frequency channels. That includes a more comprehensive study of EN-modes and other transient ITBs such as those created by Lithium pellets [49] . The problem with steady-state ITBs from the reflectometry point of view is high edge densities preventing measurements localized in the vicinity of the ITB. This is an issue both for Ohmic ITBs and
ITBs created using off-axis ICRF heating. However, low density ICRF heated EDA H-mode plasmas have been created by reducing the plasma current to 600 kA. The EDA H-mode is a prerequisite for the formation of steady-state ITBs in C-Mod. In the left-hand plot of experimental campaign, we plan to construct this type of low density ITB discharge and measure localized turbulence at the barrier using reflectometry. Additionally, line integrated density fluctuations will be monitored using PCI.
Analysis that can be applied to both the reflectometry and PCI diagnostics is the calcula-tion of crosspower spectra [50] between channels to study correlated structures. Correlations on faster time scales within one diagnostic might provide additional information on those structures. Separate correlations in L-and EDA H-mode on time scales faster than 0.5 ms should be studied. Statistical analysis to investigate various moments of the probability distribution function (e.g. the variance) remains to be performed.
C. Diagnostic upgrades
We would like to sketch the planned upgrades to the PCI and reflectometry diagnostics over the next couple of years.
PCI has already received an extensive overhaul during 2003-2004, including the installation of a new acousto-optical modulator to detect ICRF generated waves, an increase in the amount of channels from 12 to 32, new broadband pre-amplifiers and fast data acquisition. A few tasks remain to be done for the current setup, including measurements of the frequency response of the detectors (nominally sensitive to 10 MHz) and an increase of the bias current to the detectors from 10 to 35 mA, the detector spec. The ability to increase the bias current has already been built into our new pre-amplifiers. A new CO 2 laser has been bought and is currently being installed, increasing our laser power from 25 W to 60 W. All the steps described above will increase the signal-to-noise ratio. Modifications to the optics will be made to increase the maximum k R to 30 cm −1 (from the current maximum of 8 cm −1 ). The main purpose of this upgrade is to investigate whether electron temperature gradient (ETG) driven turbulence [51, 52] exists at these small scales. ETG modes are predicted to be found at high frequencies, so our data acquisition system supports the option of sampling fewer channels faster, e.g. we can sample 16 channels at 20 MHz instead of all 32 channels at 10 MHz. Vertical localization of the PCI measurements will be attempted following the technique demonstrated in Heliotron-E [53] . The method relies on the fact that the pitch angle β = arctan(B R /B φ ) of the magnetic field changes along a vertical chord passing through the plasma, see Fig. 23 . Since fluctuation wavenumbers are mainly perpendicular to the field lines, they also rotate from the bottom to the top of the plasma [46] . This rotation is imaged onto the phase plate used in the PCI system, so by partially masking that phase plate we can select a vertical region of interest.
The original amplitude modulated (AM) reflectometry system on C-Mod consisted of five fixed frequency channels from 50 to 110 GHz. That system could be used both for density profile and fluctuation measurements, although the sensitivity to turbulence was reduced due to the subtraction of upper and lower sidebands inherent to the AM system. Since that system was installed, a high resolution Thomson scattering diagnostic has been brought into operation, removing the need for reflectometry profile measurements. Therefore, we will convert the AM system to being dedicated to fluctuation studies, removing the AM to increase the system sensitivity to fluctuations. This was already done to the 88 GHz channel in the late nineties, but remains to be done for the other four frequencies. Components have been bought for this purpose and the upgrade will take place over the next couple of years.
The two high frequency channels at 132 and 140 GHz installed in a collaboration with PPPL are already operational, although the 140 GHz channel is not working reliably yet.
This is due to a combination of electronics issues and a low power frequency source.
Data from both the low and high frequency channels is sampled 12 bit at 1 MHz, limiting our frequency detection to 500 kHz. An upgrade of this acquisition system to a setup similar to that already implemented for PCI is also foreseen to be done for reflectometry.
VI. CONCLUSIONS
We have characterized the L-to EDA H-mode transition in C-Mod plasmas using the recently upgraded PCI diagnostic. The expansion of diagnostic capabilities (e.g. 12 to 32 chords, 1 to 10 MHz sampling rate) was used to study broadband turbulence and the QC- 
